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第1章 血小板血型抗原的基因分型    
本章利用荧光双链置换探针，以临床上 6 个主要的 HPA 系统的 12 个抗原为
研究对象，建立相应的基因分型方法。首先针对各个 HPA 系统建立了单重实时
PCR，整个检测过程仅需 100min, 具有特异性好、快速简便的优点。进一步发展
的 3 个四色实时 PCR 体系只需 3 个 PCR 管就能对 6 个 HPA 系统的 12 个等位基
因同时进行检测，共用同一个 PCR 程序，使检测更加简便、高效。第一个四色
实时 PCR 体系能同时对 HPA-1 和-4 进行检测；第二个四色实时 PCR 体系能同
时对 HPA-2 和-3 进行检测；第三个四色实时 PCR 体系能同时对 HPA-5 和-15 进
行检测。用所建立的四色实时 PCR 技术检测了 150 份厦门健康献血者样品，结
果与对照方法一致，并统计了厦门人群 6 个基因座位的基因频率，与此前报道的
中国人群基因频率相近。 
第2章 ABO 血型基因分型 
本章利用荧光双链置换探针，以 ABO 血型系统为研究对象，建立相应的基
因分型方法。根据 ABO 基因结构特点，设计 7 条特异性双链荧光置换探针分别
检测 O1(261delG), A(261G), A(796C/803C), B(796A/803C), O2(802G>A), A2 
(1059delC), A2 (1009A>G)，并建立单管或双管两种检测模式。单管检测模式可根
据四种荧光信号的组合，判断 ABO 血型的 4 个表型和 6 种基因型；双管检测模
式可根据 7个荧光探针产生的荧光信号变化组合，判断ABO血型的 15种基因型。
单管检测模式灵敏度可达 160 pg 的基因组 DNA，在 0.16~500ng 范围有良好的线
















式对已知表型的 110 份样品进行了检测，检测结果与 PCR-SSP 检测结果一致。
样品中检测到 1 份稀有的 O1O1V-B 样品。单管检测模式盲试中有 1 份与记录的表
型不符，后经测序和 PCR-SSP 方法证明检测结果正确。 
第3章 HLA-B27 实时 PCR 检测 
本章利用荧光双链置换探针，以与强直性脊柱炎相关的 HLA-B27 抗原为研
究对象，建立相应的基因检测方法。反复比对了 HLA-B 基因座位所有等位基因
外显子 2 和 3 序列，选出 B27 相对保守又与其他 B 抗原基因差别较大的区域，
设计特异性引物和两条特异性双链荧光置换探针，涵盖了所有已报道的 35 个亚
型（截至 2007 年 2 月）。在体系中加入 HGH 基因检测体系作为内控，预示 PCR
反应体系和 DNA 模板提取质量，排除假阴性。对 362 份中国人的临床样品进行
了基因检测并与流式细胞术检测结果进行了比较。362 份样品中，359 份样品所
得结果一致，3 份不符，符合率为 99%；流式检测 164 份阳性，198 份阴性；实
时 PCR 检测 165 份阳性，197 份阴性。 
第4章 非小细胞肺癌吉非替尼药物反应性 EGFR 稀有突变检测 
本章利用 ARMS 引物、双链荧光 PAP 引物、高分辨熔解曲线分析、以及荧
光双链置换探针，以非小细胞肺癌吉非替尼药物反应性有关的 29 种 EGFR 突变
为研究对象，建立相应的 4 种检测方法，相互比较每种方法的检测能力，选出检



























Genetic polymorphism is an usual phenomena in human population. The 
polymorphisms may lead to human disease in certain conditions. The availability of 
rapid, specific molecular analysis to detect the various mutations has become 
increasingly important for prevention and control of disease. Somatic mutations,  
which often found in cancer, are good biomarkers for cancer detection and prognosis, 
or good targets of anti-cancer or relation marks with drug response. But somatic 
mutations are often rare mutations with a large amount of wild DNA background. So 
it’s not easy to detect these somatic mutations. This dissertation describes real-time 
PCR with different solutions (displacing probes, ARMS primers, PAP primers and 
HRM) to test polymorphisms. This dissertation comprises 4 chapters. The former 
three chapters focus on genotyping, the fourth chapter describes detection of somatic 
mutations.  
Chapter 1 Genotyping of human platelet antigens  
In chapter one, a four-color real-time PCR method using displacing probes was 
adopted as a solution for 6 HPAs genotyping. Primers and four differently 
fluorophor-labeled displacing probes were designed and synthesized to detect the 
single nucleotide polymorphism responsible for each of HPA-1, -2, -3, -4, -5 and -15 
genotype and with two HPA systems analyzed in a single PCR within 100min. After 
validation with samples of known genotypes, a total of 150 blood samples of healthy 
donors were genotyped. The genotyping results were compared with PCR-SSP, 
PCR-RFLP and sequencing, and the gene frequencies of each HPA were calculated. 
The validation results were in concord with their known HPA genotypes and all the 
150 blood samples were correctly genotyped as confirmed by PCR-SSP, PCR-RFLP 
or sequencing. The gene frequencies of HPA-1 to -5, and -15 among the Chinese 
population in Xiamen obtained were consistent with previous reports of Chinese 
living in other territories.   
Chapter 2 Genotyping of ABO blood group  
In chapter two, a four-color real-time PCR was designed to genotype major ABO 
alleles. Seven displacing probes labeled with different fluorophors were used to detect 
O1(261delG), A(261G), A(796C/803C), B(796A/803C), O2(802G>A), A2 (1059delC), 















determine major ABO alleles, single-tube format could reveal totally 6 genotypes 
corresponding to the 4 serotypes，whereas dual-tube format could reveal totally 15 
genotypes. The single-tube PCR format could detect genomic DNA quantitatively 
ranging from 0.16 ng to 500 ng per reaction. 110 human blood samples of known 
phenotypes were tested by single-tube or dual-tube PCR format and PCR-SSP method. 
Genotype analysis of 110 whole blood samples gave good concordant results with 
PCR-SSP method and also agreed with their corresponding phenotypes except one 
sample of O1O1v-B genotype. 134 DNA samples were tested in blind assay using 
single-tube PCR format. Only one result was disagreed with the record, but it was 
valid by sequencing.  
Chapter 3 HLA-B27 detecting by real-time PCR 
In chapter three, a three-color real-time PCR was designed to detect HLA-B27 
which is strongly associated with the disease ankylosing spondylitis. After aligning 
exon2 and exon3 sequences between HLA-B*27 and other HLA-B alleles, a pair of 
primers and two displacing probes were designed, which could detect all 35 alleles of 
HLA-B*27. The assay also contains an exogenous control labeled with HEX for the 
presence of inhibitors, which may lead to false negative results. A total of 362 clinical 
samples were tested and compared with flow cytometer method. The result of 359 
samples were good concordant, but 3 samples gave disagreed results, the agreement 
was 99%. 164 samples were positive and 198 samples were negative by using flow 
cytometer test; 165 samples were positive and 197 samples were negative by using 
real-time PCR method.   
Chapter 4 Detection of rare Gefitinib-sensitizing mutations of EGFR gene in 
NSCLC 
In chapter four, 4 strategies were established for detecting rare Gefitinib-sensitizing 
mutations of EGFR gene in NSCLC and compared with each other. The four 
strategies were ARMS primer, dual-strand PAP primer, HRM and displacing probe, 
respectively. By using ARMS primer method, dilution for sensitivity studies revealed 
that hot-site mutations and other mutations were detectable in the presence of at least 
0.1% and 1% EGFR mutation DNA, respectively; By using dual-strand PAP primer 
method, 0.01% 19-M1 under wild type DNA background could be detected clearly, 
for other hot-site mutations, 0.1% could be detected; By using HRM method, 20 of 29 
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